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FOREWORD 

Freeze-drying has become an accepted method of food preservation within the 

last 15 years. For the military services, in particular, it has special advan~ 

tages possessed 'by no other presently used method of. preservation. As a result, 

a large share of the military research and development effort on foods has been 

concerned with studyj_ng the freeze-drying process, the ch~u·a.cteristics of' f're!O'Z(-" · .. 

dr·led foods, and the utilization of freeze-dried foods in Armed Forces ' feeding 

situations. 

This report presents in broad terms, the ~resent status of freeze-drying ; 

the advantages and disadvantages of freeze- dried products; and some of the 

factors to be considered in their formulation, processing and packagj.ng. A 

selected bibliography is included as a source of technical details of the 

freeze-drying process. 
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ABSTRACT 

This report revimV's the development e.nd use of freeze -dried food products 

for the Armed Services. It covers the various products and ration systems that 

have been developed, the basic parameters of freeze-drying and freeze-dried foods, 

commercial freeze - drying facilities, compression of freeze -dried foods, a,nd de­

velopment of freeze -dried foods for astronaut ·feeding. The report is non- techni ­

cal ~nd includes a selected bibliography for persons wishing to go more deeply 

i nto the technical aspects of freeze-drying. 
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INTRODUCTION 

Feedii~ the Armed Forces of t he United St~t~s i~ a worl d wide ope~ticn 

tmtt mu!S't px>O"lY:l.de millloms o:f me~l:s each dF.J.y- u.ncle:r ~~most eve::cy conceiV'81.ble 

condition. Since ·the o:pe~51.·tion%1 c::2pahility- of' a fighting m5m ~ :dee oz:o 

1}1ll dependirtg upon hi~ f ood int~ke, a ~Te~t de~ of &ttention i s paid to the 

nut :r'itioru"l.l ®.deqv.fficy am.d :pti.~;;t-&bll:l.ty o:r hi.~. foodl.. By regt~lationp the strA.mOis.rd 

~tion (3 meele folr' 1 man for 1 a~y) mu~t con~in 3400 calories ~/ and be 

nutritio:rt5,~,lly ade,>qw..te . However, calories and nutrltionsl &dequ~cy do not m..~ke 

a1 food p~JZ~table s.10.d, since food ib an 1nu>ort~nt run~le facto~, :lt; behooves t he 

mtlit..:B~ry co~.nder to supply his me:a w:l'th t he most accepta-ble foods possible. 

Feeding of mili 'OOzy peraonn.el can be grouped into two bro~d. c6!.tegorl.e~ . 

The fir~t is feeding t~Dops in g,Brrison or similar situ_~tions where tr&ined 

p~E;l.osonnel ~nd sui t~~ble equipment ere :&va:tl2'1,ble to prepere pr&ctiCFJ.lly' all of 

t he types of :toods used 'b>y ·t.he ti.vili.~1. pop~ tion . The second c91.tegoey is 

feeding troops oper-ating ~vra;y from g~.'.:rrison in sittW-tions mnging :from t he 

mere lack of Tefrige~tion or simi~r facilities to where individ~ls or 

enr&ll gl"oupe &1'e op~r.£ting under stre~Ss cond.i tions ·' such :e~.s combat. 

Ganlson :feed:ing is simila!" to civilJ.an t nstitutl.oll.m.l f8ed::1.ng a nd. uses 

tbe A r~rtion whi~h iSJ :fresh , f rozen and preserved foods . However, the size 

of' the oper&tion ~gn.i:fi~s problems of' pr-ocurement, wrehousi:ag, ~.nd dist:!'i­

'bution. Becaue>.e: of t hese proble:aJS t he Armed. Forces have specd.®.l ! 'eq:ui1."'ement s 

f'or '!f1f2.rJY' foods which w:I.ll not per.«~.it bu,yi:ng offu·'Ghe~shel:f items . Mil.it.~:cy 

feeding, like inet:1tutio:o!5!.l feed.ing, ls mov·ing to·~rd t he use of convenience 

foods which require le:~e prep&ra;(;ion 8nd r educe 'Lmr:u~porl~tion requirements . 

}:,/ A:r!JW Regulation 40--5 



For t he second category, feeding is accomplished through t he use of 

opera tional rati ons. This ranges from the B ration, similar t o the A ration 

e:Jtcept that it requires no refrigera..tion, t o survival rations and. individual 

combat packets. It is in the operational ration area t hat most of t he Armed 

Services ' research and development effort on f oods has been expended. For 

this usage, foods must be d.esigned and pe.ckaged to withstand t he extremes 

of climatic conditions found t hroughout the world. Also, minimal weight 

a.nd cube are important . To meet these mi-litary requirements, the Armed Forces 

have turned to dehydrated foods to :i.mprove the feeding program. Freeze-dehy­

dration, one of the newer processes in food dehydrat i on, gives great promise 

for military use. Not only are freeze-dried fooa.s finding their way into the 

A rations, but their light weight and storage .gta'bili'ty make t hem excellent 

items for operational re.tions . 
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rliSTO:m:' OF FREEZE DEH"lDRA.TION 

Dehydration h!ll.B been used throughout record.ted his tory f'or the p rese::rwtion 

of' f'ood o Even tod~y t.here ~:l:"e l"2. large number of' foods commonly used which are 

preserved 'by reducing their molsture con·tent f'or storB,ge at ambient tempe:ratu:r.e o 

Dried f'll"uits, S'l.J.Ch ~s X'®.isins 7 and dry sau!llage, such ~s; pepperoni, are sold in 

li5!.rge qu:anti t::l.es I!X.nd a1:-e ~ccepted b;r c:onsume:rs ®.S stsrtdi51:rd prod.uct;tlt o I n t he 

underdeveloped Mtions, d:d .ed f ood.s, particul~.rly dried meat and f'lah such as 

"ch~x·qui" i.n So·uth Amt~:r·::l.c~ ®.nd. "b1.~tong" i n South Africa, :are veey co mmon since 

refzoige:r.ation is ~carce o A.nttieifl h!31Ye @.h"&ys used. d.ehydr;a.ted food10! , especiall y 

:f'or ope~.t:i.ona1. 11'@. tions P bec®.use of' t heir low 'tveight, concentT& ted nutrl tion, 

8:,nd. stabilityo Prexmnicanp j erky ®.nd pa!"ched cortl @.re common t erms in .Ame:dc:el.n 

histoeyo Almost witho·ut excep·tion, the~:e d.ried foods ~.re tot~lly di:ff'erent 

from the:i.r fresh counte~rt:s o They must be accepted by consumers te>,s ~. pro~ 

duct in t heir own right, such as: with dried f'ruit<B o 

The object of dehydration is si.mply to l"educe ·the moisture con·tent of ·the 

:pr od:uct to .ffi point where spoi lage organisms cannot live and muJ.tiplyo Moist ure 

is el.i'l'tpo:rated with heat bef'ore t he rspo:l.le.ge organism~ can mSl.ke t he food' unusable . 

The combin.at:l.on of' heat li1nd. moisture l oss so e1.lters a food product such ffis meat 

tmt :i.t c~nno·t "be rehyd.m t ed to resemble t he o:t"igi nal producto 

During World War IJ. 9 Uo So milital"Y' forces used Illll.ny o.ehydmted. f'o0ds, but 

q'tW.li ty gener®,lly W&s poor due to lack of t echn:icCJ..l kno,Y=how and q~l:i.ty controL 

Dehydrated eggs ~nd potatoes were among t he poor products which gave dehydr&t ed 

f oods a 'l!eey b~d name; . After the ~"er mili~'-f..V' strat egists projected t he. need 

for grei£,t er mobili:t;r o1" combat troops o It -w~s re~dized. th9,t the se:~rings of 

wei.ght and cube.:~ the 8tability of dehyd.:l':~rted. f oods would contribute to :!ll.chieving 

3 



this mobility. A review of clehyd.ration processes showed that none of' those 

commerc:l.ally availa,ble could be improved to the point where the great rrajori ty 

of' foods dried by them would be accepte.ble to the American serviceman. This 

was particularl y· true of meats where only a feH· dried items such as chipped 

'beef and dry sausage could be considered at all acceptable to the American 

taste. This led to consideration of freeze -dehydration. 

'rhe first reported··u.se of freeze-drying was in 1909 for the preservation 

of biological substances . Its use as a, laboratory· tool, particularly for 

pharmaceuticals and biologicals, led to large scale drying of blood during 

World War II. A little work was done in foods, but the costs w·ere considered 

much too high to permit ~my commercial applications. Research was initiated 

by the Armed Forces in the early 1950's on the possible use of freeze-dried 

foods for operational rations. Spar ked by military interest and. purchases 

i n the late 1950's and early 1960 ' s, industry interest increased for commer­

cial exploitation of' the process . Today the United States has a considerable 

food freeze -drylng capacity. 
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DEVEl .OPMENT OF FBEEZE··DRTED PROD(j'CTS FOR ~~HE ARMED FO'".t~CES 

The paramount advantages of f reeze-dried foods for the Armed Services 

8;1.Te light wed.ght, storBge without :ref r igers.t:i.on, a nd a high degr ee of accept­

~:bility to t he using troops. The water content of :raw foods ranges from 

a.pproxim~tely '70 percent by weight for m~ts to 90 p t:;rce:o.t or moTe for vege~ 

~bles. Th'uEl, 70 to 90 percent of the we1gh'h can 'be eli mi nat ed. by dehyd1"®.tion, 

amountl.ng ·t o s1gn:lf:'l.c~mt logisti ce,l ss.v:i.ng;;;: . Ws.ter is available or ce,n 'be 

nw.de awilable &.~J .. most any :place i.n t he world s o thl9.t rehydration at t he point 

of use presen.ts fe"i problems. Ma.ey studies, as well as fi.eld exper ience, sho-w 

th~t ~:eeze-dt~ed foofu~ hsve excellent stability even under a dverse eto~ge 

conditions whep. they l£!"e pr operly packaged and protected :from oXjgen and mots~ 

i;ure. In general , freeze~dried foods :rece:i.ve higher p refer ence retings in 

the Armed Forces t h'el.n do corrq>::l1rs;ti.ve canned foods . HoweV'er, they r eceive equ~l 

acceptance :r.a.t:!.ngs wit h f r ozen food.s only under certatn condi'tions a nd w:!.th 

certain products . 

Initi.&l development was s l -anted p:rime.r ily 'Co'W'f.l.rd two specific rat ion sys­

tems to b e ueed in differ ent; si.t uations. These ~re t he Meal , Quick Sel"Ve i n ­

tended :for use by sru~ll groups o:f men end uti.li.zing no traine d mess personnel 

&.nd the Meal, 25~Man., Uncooked intended ! .. or uee wher e fiel d kitchen f act lities 

and. t m i.ned personnel at.re a"if"""~ila.ble . A third &res. of d.evelopment has been :for 

spec:i.e-1 feeding s::ttu~t:io:ns i:nclud.ing long range patrols w'her e resupply ls 1.mcer~ 

t a.:i.n and for the astronaut i .. eed.ing program. Al though neither the Qutck Ser,re 

Meal nor the ~5=Man Me®.l rsyztem M.ve been ad.opted for reguJE.r pr.ocu:remen'G.9 

various ind.ivld.M.l produ.cts resulti:ng from the d.evelopment prog:re.m have been 

introduced into the supply s ystem. 
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Most foods can be :f'yoeeze~d:tied with excellent results . How~ver~ the:!"c ere 

some exceptions . Leafy vegetables, s uch as l ettuce, lose t heir cri spness in 

the p rocess . Product s such as liver he;ve no f iber s t ructure to m~dnta.in the:l.r 

shape when dry :smd become a powder. In some cases, t he quality improvements 

f rom freeze~O.eying 1s not grea.t enough over that from other drying proce10ses 

t o ,)urstify t he htgher cost of freeze -drying . For Armed Service use, meats, 

poultry , and f ish a long vYi t h some vegetables and fruits, are the princ:i.pal 

f reeze-dried products which fit into the various feeding systems . 

In the early years of development, cost s of freeze-dried product s were con-· 

s i d.;:mbly higher t han those dried 'by more conventional methods . W:I:th lncree!.s~;:,.x 

capacity and experience, costs have lowered. It ts proj ected that with pl"''pe:r·l;~­

des1gned plan·ts and vol ume production, cos t s will decrease to :9J point conu;>et1 t:tve 

wit h other method.s of drying. 

Qu:'l.ck Serve Mea.l 

The Quick Serve Meal (Fig. 1) consists of 21 menus (? de;y cycle) a.nd has 

been approved by The Surgeon General as a sole diet f or up t.o 120 days o Present. 

mod.ule s ize i s f or 6 men and includ.es food service items such e-s paper t reys o 

Each box weighs about 9.2 pounds and has 8, volume of about 0. 56 cu .• :ft. 

Ea.rly i n the development of the Quick Serve Mea,l, it was declded ths;t the 

onl y f r eeze=dried p roducts which would be used would be those in. whic:h a sat:!B·· 

fac·tory product could not be obt8ined by other d.r~rd.ng methods . This meant tha-t 

a combin~tion item such a..s beef ste'~ w·ould be 100.de up by ~~ombining f reeze-d.ried 

mea;t and. peas with adr d!"ied ca.l.~rots, pota;toes 1 a nd other ingredients. Thc=.se P't.o~ 

d.uc"ta r ehydra:te in 15<~0 minutes in hot wa,ter, but t e,ke consid.e:r:~bly longer i n 

cold water due t o t he r elatively poor r ehydration charact eristics of air=a.r:l.ed 

products . 
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The p:r.odu.cts are psc~ed in fl.ex:l.ble containers placed. :l.n a chipbo~rd 

c~y-ton and ~~re Y.'ehydr4tea. in the packs.ge. The packages s.:re ni t:r.ogen :flushed 

'to :eeduce the hoo.dspace oxy·gen to below 2 percent or vacuum packed. Advances 

in technology since the :r-.a.tion was :firs t developed mwe provided. superior pro~ 

d:u~.:;ts wh:i.ch c~;n b e rehy~'ir.e:ted :ln either hot or cold w.te:r in &bout 5 mi nutes 

and w.Ul dec:rease t he ~i~e of the 6-Man mod.ule by about one~third. 

The Quick Se!'ve Me:ao.l h 9.S been :field tested several times wi.th results 

excellent . T~oop acceptance haz been high a nd the ration has met all of t he 

deel.gn cr-iterie. It h&e not ::ret 'been type clas si:fied or procured in quanti·~ 

ties illrger t.ha.l1. needed f'or test pu:rl)oses. 

Meal, 25~Ma.n 2 Uncooked. 

The Me~, ~5-Man, Uncooked (Figs. 2 and 3) was designed to replsce t he 

B- :re;t ion. The B-r&·tion cons ists o:f about 100 non-perishable items similar 

to tho~e aveils.ble commercv..ll.lly. There are logistic problems in supplying 

the various ing!"edients of the B-mtion. The 25-Man Meal,1 on the ot her h~ndj 

is packed i n mo~ules which contain all of the food products needed for a 

mea.lJ except b read. All of the products eithe:r e,re dehydrated or hav e low 

moisture. Field klt0hen ~&cilities are needed, but me~l preparation time ~nd 

t he need :for ·tr&ined p ersonnel are minimizedo 

All of the item~ i n the meal are nitrogen or ~cuum packed in flexible 

pac~es. The boxes weigh :~bout 19 pounds each and ha.ve a volume of :e!.bout 

0. 7 cubic feet. As 'With the Quick Serve Meals, adv-a.nces in technology &re 

expected to decrease t he volume a nd improve the quality of t he m~ls . 

Food P~cket, Long R~~e Patrol 

1'h~ Food. P$1cket Wl'lg ~nge Patrol (Fig. ~ ) lw.s been type cHJ.er:.ifiea. 

st;sJ,n~~d A. and b®.s been used extensively i n Vietnam. It i.s a light '\<.Yeight 
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i ndi .vidual packe t esp ec:i.al ly designed to meet t he subs i stence needs of' trroop:<7 

i n operati ons pre c lud:i.ng resupply f or peri ods up t o 10 day s . The r e a.r e eight 

di fferent f:reeze~·dried mea.l components , s uch a s Chili e.nd. Beef Stew, which 

will r ehydrate wi th hot water in about t wo minutes or wi t h cold water i n 

about f i ve minutes)> or 111'hich may be eat en dry. The f reeze-dri ed f oods are 

Jll'tf'·"'~'~<1. in f lexi ble containe r-Fl . Rehyd.m t i on is a.ccornpl i.she<:t i.n t he :fl exi.ble 

pa~~"E.ge • In ad.di t.ion t o t he main meal components, t he packet s cont a.:i.n crx.ndy 

or cere.El.l bars , coffee, ana. cocoa. The packe t s average over 1000 calori e :s 

each. Everything i s flexibly packaged a nd t he pa cket s have a n ave r a ge gr oss 

we ight of 11.3 ounces ~xtd e. vol ume of' 70 . 6 cubic inches . 

Acceptance by t he t r oops in the f ield has been exceptional. Ma ny let = 

ter s have ·been received by companies ma.nufa ctu:r.i.ng the f r eeze dr i ed compo ­

nezrts from i ndi vi dvJ:tls i n Vietnam extolling the quali t~.. of' t he f oods , t he 

ligh t wei ght a nd t he genel:'al hand.ines s of t he packe t. 

Mi s ce l laneous Freeze-Dried Product s 

A number of freeze -dried product s have been integrat ed i nto feeding sys­

tems, pr i mar ily i nto the B-ra.t ion. Most of them a r e component s of either t he 

25=Man or Qui ck Serc,re Meals . '.rhese includ.e :fish squares , s hrimp , p or k chope-..• 

beefsteaks (Fi g. 5), beef pa tties, a.nd chili con. carne. All 8.re packa.ged i n 

cans under nitrogen. '.Yi'th less than 2 per cent oxygen i n the headspa.ce. 

It is expect ed tbEt f l exibl e packaging wit h vacuum will r ep la.ce t he cans 

whJ.ch will result in vol ume s avings o f up t o 50 percent. Por k chops e..i1d ehil l 

con t~arne (Fi g . 6) i n f lexible packe,ges were successfu].J~v production tes t ed 

i n early 1969. 
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FREEZE-DRYI NG PROCESS 

The b:e.~ic pri:nd.ple of freeze-drying i s subliw;,ti.on or the cha nge of ice 

'to 'W<tl.te!" w.porJ byp~ssi:ag ·the liquid state . This action cam 'be seen on a sunny 

winter (J,sy when snow g:r~dually dis~ppe~:ffl or' ''evaporatea" 1 although the tempe~ 

T~ture l s b elow the t'Z'eezing point; of wter. 

In nc~l deyi:rJ.g processes such as by hot a'lr or vacuumJ mo:l.~Sture in t he 

center of t he ~ss being dried migr.ates to t he surface where it ev.aporates, 

leaving behind emything d.i saolved in it. As a resul t, food ti:Ssues shrin.k 

and t he sU!"f'ace: is c!Sl.se~hardened wi th a l a yer of salts, soluble proteins a.nd 

other consi;:ttuents which former ly wel"e d.i$leolved in the wa.ter phf&se . Most. 

air dried f ood.SI, partic:ul$.rly meats, are tough and leathery, and will not 

rehy~te i.n &ny reasonable time. 

With f'reeze=dry:I.ng, t he moisture i s sublimed from t he product being 

dried a:nd t here is subst ant:ts,lly no transfer of l iquid f rom the cent e r of 'the 

~ss to t he s·u:t"face . Instead., t he product :l.s f r ozen and the ice chsnges di­

rectly to v&por without goi.ng t hr ough the liquid state. As drying proceeds, 

t he i~e layer gr.aduml~ recedes toward the center leaving 'behind vacant spaces 

:formerly occup:leo. by t he tee ceyst3.ls (Fig. 7). 

Pbysi~l Relationships 

Fig. 8 is a sche:m~,tic d.iag~ s howing the physical rel&tionshipe involv~ 

ing pressure and tempe1~ture vhich make f r eeze- drying possible. Poi nt A is 

·the boilit'lg point of we1ter ~.t no:rm~l atmospheri c pressure. Poi.nt B 'i.s t he 

boiling point of ~ter at &bout 28,000 feet above sea level. Point C is t he 

triple point at which iceJ liquid and vapor are in equili br ium. The p1~ssure 
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at the triple :point for pu:ee water i s approximately 4. 5 mm. At any pressure 

between .4 .• 6 ano. 760 mm, :i.ce w:Ul mel"G ·a,s the temperature rises, changing to 

t he liiQlUid. state . Then t.he l iquid wil l change t o vs,por at the bo:Uing point 

f o:r t he ,Pt~.rlicu.l.e..r pressure concerned. However, ·below the t riple point pres~ 

sure:~ ice will s;ublime to va:po:c without ever going through the li·.Q!.uid phase . 

In !!' C'losed system, vapor coming from the ice would raise ·t-,he p :tessure al~ove -;.-;., ~ 

4.6 ram rE:sulting i n the no~l solid t o liquid to vapor :process . To m9.in.ta,in. 

sublim~tion, t he V8,por must 'be removed f'rom the s ystem a,s i-G is formed .• 

Process in Practice 

In t he freeze~deying :process, t.he food products are placed on t ra.ys , 

froze n, !!tml p:U.1cea. in. the dehyd!'I'J.tor chamber. Vacuum i s drc-!.~m tn t he ch'~mber 

t o below t he triple p oint pressure . When i t ree,ches t he ope:rat :i.ng leYel, 

heat i s a,ppl iea.. Pressure i n t he chamber is maintained below 1 . 5 mm of 

mercu.r.r and. usually belmr 0 . 5 rr.an. Temperature of the heat source i;3 na:i.n= 

tatned in the vicinity of 100°.F. for experimental food products where the 

i nterest is in the f ood product rather than the process itself. Thi s :i.s a 

co:o.verden·t temperature since most. products will dry overnight when it :i.s used,. 

yet it i s mild enough to cause little heat damage . Higher t emperatures are 

used to speed. up the d.:rying process in commer cia,l opew.. t ions. The vapor is 

:remov·ed by condensa.t ion on a cold sm.•face . 

Types of Hea:tir.~g 

Basically, there are t wo types of heating used. In c onduction heBting t he 

tray cont~.:i.ning the p roduct is in direct contact with t he he~" ting surface. 

Most of the hel3',t is conCJ.ucted dir ectly to the product althou.gh some i s obc• 

t a ine:d by re,d.i8,tion from surrounding surfac®s. Conduction i s not used to 

any great extent gf nce it tends t o promote hot spot s whi ch cause local over~ 

hea t i n.g of t he :p;r•oduct. 
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In zo:&·.ii&nt h~ting t he tm;r ia suspended between two radiating sur.fli\ces. 

He~ti:ng is much more unif'orm than it i s with conduction. Thus, higheT tempera~ 

tu!"es ~'rl be ueed which res·ult in f~,ster dT,ring o The ffidw.ntS~,ges of radiant 

heating e.re inc!"~&ed when perforated or expand.ed metal tray6 are used with 

product~ having a l.sZ'ge e:no·ugh ~lfticle size t o be held on such tr.ays . Solid. 

t~ys 12.ll"e often ~:lnted b ls:.ck on t he bottom and sides :for better hea:t ~.bsorpt;ion o 

Bas:lc Problems 

1r he two bes:tc problema in :f:reeze=drying ere heat t!"mBfer t.o the product.l' 

t hrough t he p reviouzl.y dTied portion to t he ice interface, and t he vapor transfer 

f:t'l~tl.l the :l.ce interf®.ce t hrough t he dried portion to a condensing :aurf'(QI,ce . A 

techrd.c$!.1 discussion of he®.t S....Yid lm'l.SS trans fer is beyond t he scope of' this repm.."'t.~> 

but the problems they present can be eastly v:f.sualized. 

Due to their structura~ freeze~dried :foods are excellent insulating materi ­

®.ls o Thus, tl~nsfeT~ing he~t from the surface to t he ice interface must be done 

t hrough a la.yer of' insulat:t.on formed by t he previously dried mterial. If heat­

ing conditions e>,re held constent, .. t he drying rate becomes slower. Thus, thick­

ness o:f t he piece :I.~ critic.!ll.l in d.etermining total drying time. Addition&l heat 

input tends to overheat the dried portion which will cause product d.eterioJ!'Sl,tion. 

Vapor t~nsfer takes place because of random molecular movement and. t he 

molecule&:J tend to flow acro!Els s. gradient f'rom high concentr~tion et t he tee sur­

face to low cot"!centre..tion 51t the condensing surface . The v<&cuum pump does not 

"pull·vout" t he wa;te:'i:' molecUlles. Structure of t he dried product impedes t he 

movement of molecules ana. lf the concentra.tion build-up is too high I!P.t :eJ.ey 

local spot, t he pressure ls mised to t he point where t he :lee melts and t he 

process :ls no long~r f:r'ee~d.r.v·lng at; that particul!t:r spot. 
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wnen 'the drying cycle :l.s corn;pletedJ "the vacuum i.s usually broken w:tth 

nitrogen in order to minimize exposure of the product to s;tmospheric oxygen. 

The pr.~d.ucts a,r e then pacmgeCJ. in cans or flexible pa cloo..ges under nitrogen. 

or with a wcurun. Ope:r.-a:(;iom; should 'be ce,rried out i n a lO'tY' huroJ.O.i ty :room 

or the p x·oducts will pick up en.oug:h moist ure t o decrease their I'Jtornge li:fe . 

11enerb1.l innovo..t :i ons ha.v·e been proposed in freeze-dryi ng pr irn."31.ri l ;r to re~ 

d.uce costs by spe eding up the process . Although none o:f t hese innow~.tions 

i s 1.n general co:mme:r.>ci~l uze at :present, future use may be found. f or them. 

Spi ked Dehyd:ra t or Plat es 

In Clf.J,nada.? the idea of' us i ng spiked dehydre;tor pl e.tes "H'&S proposed and 

tested. In t his system, the p ieces of product to be del'lydr·a t ed. were p i er.ced 

by meta,llic spikes \.Yhich conducted the hee,t into t he cent~r of t he product, 

obta:i.ning better heat t r ansfero Spiked plates w·ere successful i n reducing 

dry ing time and were pe.rticul.a:dy effecti v-e with thicker p:i.eces of a pr oduc::t 

such as meat . Hm~ever~ !Ilt:l.intenance of the plates i s o.iff'i cult and sanitat;i.on 

presents f ormidable obstacles . 

Acceler a ted. F'reeze-Dr.ring 

I n Great Britain, a method called Accelerated Freeze-D:ry·ing based upon 

work orig i M,lly done i n Swaden was developed a nd test ed . Seve:t-a.l un:i.ts us:!..u.g 

t his sys t em were built for commercial use , but none i s known to be ope~&ting 

in the United States at the p:cesent tlme . Acce lerated Freeze~Deyi:ng i s a me = 

t hod. f'or increasing heat .transfer to t he product. This :i.s accomplished by 

pr essing the product bet ween two heat ed plates where the p ress'trre causes more 

intimE. te contact bet ween the p roduct and t h e heat source . Since the s•Dlid 

plates woul d i nhibit t.:ra:nsfex· of the moisture vapor f rom the p rod·u.ct.9 exp&nder9. 

metal sheets e:.re place d be:tween t.he product and. t he plates • . The method is 
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successful i n decreasing the dry·ing time, but the complicated installation neces-
- -· 

sary to provide for a movable plate inside a vacuum chamber causes problems in 

maintensnce and significantly increases capital costs. 

Microwave Heating 

The use of microwave heating in the freeze~drying process is under study. 

Theoretically, microwave energy would speed heat transfer since it passes through 

the dry food l~yer and i s absorbed directly by the ice . Thus , the outer dry 

Iay·er stays cool While the ice is subl imed. Energy can be applied at a faster 

rat e without causing product deter ioration due to heat, thus shortening the 

drying cycle. However, microwave equipment is complicated and expensive. No 

commercial installations are using it at ~resent. 

Carrier Gas Sublimation Process 

A drying method, carrier gas sublimation process, has been tested to a limi-

ted extent. There is evidence ·tbet it could be applied to commercial production. 

The proces s consists of passing a stream of dry gas through a bed of frozen pro-

duct. It does not require sub-atmospheric pressures. This process can be used 

on a continuous production basis as opposed to the batch processing of current 

freeze-drying methods. The resulting product i s equal to that currently ob-

tained. 

Evaporative Freezing. 

Evaporative freezing is used with a few freeze~dried products and can 

occur through improper operating procedures or equipment malfunctioning. When 

the atmospheric pressure on a liquid such as water is reduced, the liquid vapor-

izes to an increasing extent as the pressure is lowered. No matter how it is 
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done, v.a.porization requi Tes the input of heat. This hes,t nruSJt come f 'rom eithe.r 

an external source, t he Burround.ing container or equipment, or from the liq.u:i.d. 

i tself. In the ce~e of ev&pOl""a.tive f r eezing, t he pressure reduction ~m:l wpol'·" 

i zation t~ke p lace vel"':t rspidly and most of the hea t comes :from the liquid. 

S:l.nce no heat is being add.ed to the system.:> the temperature of the w:5'.ter drops 

1°'f.i'. for eyery BTU per pou:na. r emoved from it. The f reezing process itself 

requires 144 BTU's per pound of "rater to convert it from liqu:i.d to solid with 

no change in temperature . When the pressure i s rapidly lowered below the 

triple point of W'C!.ter, enough heat i s removed to convert t he rem~:f.ning water 

to ice. F'rom Fig . 8 it c~n be seen that when the -pressure i s reduced. below 

the triple point of '\ojlfl.ter, t he liquid state cR.nnot exist and suff'ident va.po:r>~ 

ization takes place to complete the freezing process. At this point, the p~o­

cess changes f:r.om vacuum drying to freeze- drying. It i s estinated th~t ~bout 

15 percent of t he weight of a piece of meat will 'be reduced. by e~porative 

freezing. The process can be reversed if pressure is i ncreased f or any reason 

during the freeze- drying pr ocess. It should be noted that in the evapo~1tion 

stage, t he p roduct is los:i.ng water by evaporation from t he surface , a nd ~ter­

from t he interior ta migrating to the surface . Thus , the p rocess is equi valent 

to norma.l air or vacuum drying ~;using some p roduct shrinke,ge a nd d.eposi ts of' 

solubles carri.ed by t he w.ter t o t he su...'i"face . As a genemlized statement, 

evaporat ive freezing will oouse uncooked f oods to have unsatisf~ctory qua J.:i.ty 

characte:d.stics while cooked. :f'ood.s are a ffected t o a much lesser degree . W:i t h 

freeze~o.ried cotte\ge cheese !J a su;pe:rior pr oduct is produceo. but this is an e:ii:­

ception and evaporative freezillg is not a dvocated i n most i nstances . 
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PHYSICAL PROPERTIES OF FREEZE-DRIED FOODS 

Properties of a fTeeze-dried food are the result of the physical structure 

of the original product and overall freeze-drying process includi~~ freezing con~ 

dtt:i.ons. Very little shrinkage occurs during the pr ocess so that the phy~Sice.l 

dimensions are practi~.lly unchanged. Thus, the products have very low densities 

since from 60 to 90 percent of their 'to/'eight has been removed. Since the result­

ing structure is similar to that of a sponge, the products rehydrate l~Jpidly. 

Effect of Structure 

In muscul ar 'tissue, such ae beef steak, or plant tissue, such as a string 

bean9 there is a fibrous structure or skeleton which will retain its shape when 

the we..ter i s removed. If such a structure is not present, as in a glandular 

product such as liver, the product may freeze-dry in a perfectly satisfactory rnanner, 

but the end product will he;c,re no structure and cannot be r ehydrated back to the 

or1ginal shape and texture. In general, freeze-d.ried products are ve:cy bri.ttle a.nd 

must be carefully handled if piece integrity is to be maintained. 

Effect of Freezing 

Since freeze-drying removes the ice from a frozen product without a ltering the 

external or .intez-:nal structure, the size and shape .of the individual ice cryst'!:\1s 

will determ.tne the size and shape of the voids left when .. th,e ice is r~moved. In 

turn, the characteristics of the ice crystals are established by the freezing proce~s 

and. :the storage condttions of the frozen product b~fore drying. Slow freezing w1.11 

form large crystals ~hile fast f r eezing will form small crystalso In slow freezing~ 

which from a scientific standpoint includes almost all nornal commercial f'reezi:ng 

operations, t he ice crystals are formed outside· of the individual fibers drawing the 
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mois"tu!:"e f rom the fib&rs . In effect, t he fibers are dehydrated.. The fo:r:'ming i.e••· 

cryst~ls compress and deform the fibers. In rapid freezing, such as might b e 

attained. when thin sectiom', of a materl~,l are immersed in liq·uid ni t.rogen9 "the 1.,~e 

crystal s start formtng w.i.t hin the fibers and being spear-like, pe:rforete the f'l'i-.~.:r:::J . 

I:a fast freezing, the :t"i'bers 9.re not a ppreciably defo:r:med or ~ompressee. . 

As e pr.~cticoa.l m9,tter in conuTLerc::i.~l ·p:roduction of :f'reeze~d.:.d&.d p:eod.ucts 9 

f're.::::.:.ing of indiYid:ua.l p i.eces a~1.d. e·1ren of sections of pieces w.rle=:s from veey 

s l ow t o, in rare insb..nces, fast . The :resulting prod.uct st~tuctur~ i s EJ. miXG':JJ~e. 

of varying sized pores and interconnected channels through the :fibrous st.ructu~e . 

-'c. he concentration of solub le se,l·ts P proteins, sugars, etc . , is inc:r.a~zea. i n th~ 

unfrozen w.te:r. Eutectic solutions a.:re formed which have much lower freezing 

po:i.nts tma.n doe~ pure water. Some of these solu·tions are no"t f rozen ~t the p:?.'o-

duct temperatures usoolly encountered in commercial freeze-drying. F!f'ttits with. 

high sugar contents are an extreme example of this condition and freeze~a.eying 

then becomes difficult since the unfrozen solutions tend t o foam during the process . 

Successful freeze~dryi.ng of' these products depends upon 111!2.inta.:i.ning extremely ,l ow 

p roduct temperatures during the drying process . However, for mos 't prod:u.ct~ eutec"" 

tic solutions only cause a slight shrinkage which does not a ffect the final pr~n.oci 

quality to any great extent . 

Density 

I:n any o.iscussion of density~ ffi dif'ferent:i.at.ion must be :made between dend"t;o,r ~;n,i 

a pparent densit y . Apparent dens! ty in this case refers to t.he packing f~:.c:tor wh:tch 

includes the voids between disc:r~te pieces and can vary widely depending upon size:: 

of the p ieces, sh.e.pes, in"egul-a~rHiel3, etc . I n zw.ny ca,ses 1 t has been 1 .. ou .. ud tM.t 
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two producers supposedly ue:ing the same S:flecif'icat:1.on t'or the s-ame product will 

not be able to :pack t he same weights into a giYen ca.n. Reasons f or th1.s !lrte 

not ~1-yra,ys e:v·ide:~nt_p 'but 1.n most. c::.!.se:s i t seems to be due to differences :l.n the 

true densi ty· of the product and is related to raw mater ials and processi.ng. 

As has been pointed outp the density o:f f'reeze~dried :food.s depends upon 

·the 'Water content of th.e o:!dgiiW.l food . Advantage can be t3.ken of t hi s to con~ 

trol the fi:a~,l dens:tty . This can e.lso b e a control on the speed of rehyd.rst:I.on 

&nd on the mouth f'sel when the product is eaten drJ.r. For example, by adding 

more w~ter to the f ormula for a beef stew, t he dried product wil l be more fluffy 

smd will rehyd.rate vexy rapidly. 'l'he amount of' rehyd:!':"&tion wat er can ·t~hen b e 

controlled so tM.t the rehydrated product will have the best consistency f or 

acceptance . In addition, t.he p roduct wil l rehydrate rapidly w:I.th cold water which 

is a distinct, even necessary, requirement for milita ry comb&t rations . Even the 

de nsity of pork chops or meats can be de creased. by pumping the fresh mea-t vrith 

water s imilar t o the way hams, bacon» and ot her cured meats ~re injected wi-.3~.1. 11 ~ 

quid. cure s olutions . On t he other hand, density- can be increased by- decrea;~tng 

water i n the formula :for combination items, by formulating with drier or complet·~ly 

dry ingredients, or by pr edr;ring using other means . In this sens e, cookinl?. of' mea:!:: 

ca,n be considered a pred:rying operation since the moisture content will d.e,C?Z'e:ase f:Yom 

70~75 percent to 55~60 percent wi.th a cone spending decr ease i n volume d.urtng cookbg. 

The difference i n density brought about by cooking can b e i lJ.ustr&ted by- the a.iffe:r.er.r:~ce 

between raw and cooked free.ze~d.:l:-ied shrimp . A 603 x 700 can wil l hold 13 ounce;s of 

the cooked p~oduct» but only 9 ounces of the raw. 
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Effect of' Drying Tempe!:B:tu:r.e 

S:i.nce drying Ume i s highly depend.ent upon the rate of' he~~t, in.put 9 co:rrl!*';J'."daJ. 

mor;;t. 9 i:f not a l l.? fooo.a a:ce d~maged by heat in the clry sta.t.e wlth thP.: extent of 

deter iore.ti on depend.ing upon t he food, temperature, and time . As long ~,s the 

:prr>~,<>""l~ rerw-.dns true freeze~d.rying the und.r:led. porti on i s 21l.we,y~ f':r..o~e:n . But. 

f'reez e - dr:led. f oods are excellent i nsulators so that the tempe:ratuxe g:;r'6~61J.E;:n:t. 

.from the und.ried f roze:n cen:ter thr<:>ugh t he dried shell to tho~ su.1"'.f'a ee c~n '\be 

v e1<>y high. Therefore, t.h~ d~:ted. portions ca n ·be subject ed to high he&l.t.s f\:;.:r. cor>~ 

sia.er.abl e periods of t'ime with the process still being t :r.ue freeze~·dr,r1.Ilg . 

A ls.r ge number of s t udies 9,t N'~:.ti c:k Laboratories have shown that the loW\81:" 

the d:r.y p roduct tempe:r.c~ture is malntained9 t he higher the end produc·t qual it.jP . 

As a practical matter wlth the commercial producti.on of beef, if' the proc1u.ct 

t smp eret ure is kept belmV' 150D:F. :> the end product i s of excellent q1.1.ali.ty o 

Above 150°F. the product qua,li ty deteriorates quite repidl;~.r . With p o:<."'k t he 

crit i ca l tenqlerature is i n . the vicinity of' 130°Fo Most cornmerc1..~,1 p r od.ucers 

program t hei r heating cycles t o start out as high as 200~250D:F . gra.du~.lly &e~ 

creasing the tempere,ture so thEt the product t emperature stays below 150°F o~t' 

0 
130 F . as appllca,ble . 

The most obvious effect of high product · ·tempe:r.8.tu.re in t he dryelf :ts a b:;•own= 

ing reaction which s.dversely ~ffects f l avor, odor, and. color. A l :i.ttl e b:\:",oxrn.::t!i'g 

with beef can be considered desh"'a.ble since it results in a :r.o:12.B'G beef :fll":.vot'. 

However, as browning progresses the :flavor becomes bitter. With p ork.9 un.S.ell!i~:<>able 

f'l~,vors become eviden.-t even be:fore t he color changes o Once the :r.e.s.ction. hr"1s 

swr-ted, it tends t o continue during storage of the product . 
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'::"'·''' :r ~T:'he second important effect o:f high temperatures is a reduction in the rehy= 

dration ratio~/ of the products. This makes them tough and dry tasting • . 

E:f:fect o:f Oxygen 

Conventione.lly dried foods are relatively insensitive to oxygen. However, 

oxygen has a deleterious effect on :freeze~dried :foods. Most scientists will agree 

that any oxygen in contact with the food will cause product deterioration. How~ 

ever, there is considerable disagreement as to how much oxidation can occur before 

consumer taste panels will notice the difference in flavor, and what practical li~ 

mi ta tions can be imposed cons id.ering present industrial capabtli ties and product 

costs. Probably much o:f the confusion is due to the :ract that :food.s e.re na.tuml 

prod.ucts with widely wry·ing compositions . Some constituents are natural anti­

oxidants while others are pro~oxidants. Thusp each :rreeze-dried food. has E~. d.if­

:rerent response to oxygen. Furthermore, the rate of oxidation depends upon tem~ 

perature as well as oxygen concentration so that studies conducted at refrigera­

tion or freezer temperatures will not give the same results as those conducted 

at higher tempera;tures. 

The e:f:fect o:f oxygen on :freeze-dried :roods is cle.ssified as oxidative ran­

cidity resulting in of'f odor and f'lavors. With meats the effect is not quit~ ~h~ 

same as rancidity developing in fresh meats which nanifests itself :l.n the t'a.tty 

portions. Instead, the freeze~dried meats subjected to oxygen develop a hay~like 

odor and :flavor in the lean. or protein portion. In the early stages, the odor 

may be evident only when the package is f tret opened, and it then dissipates Ta= 

pid.ly. The product · may lack flavor rather "than possess an of'f :f'lavor o In "the 

later stages of oxidation, both the odor and flavor are generally objectionable. 

J:l Rehydrated weight of product divided by tb.e dl"Y weight. 
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The susceptib:l.li t y of freeze-dried foods to oxygen is rels.t.ed to ·their open 

structure which permits the molecules t o come into intimate cont~ct at re~c·tive 

sites . Considerable ~e~e8,rch h~•':l be®n una.e:rt~k.en to determine the mec~xti~m by 

wh:!.ch oxygen combines wi:th the :foods so t hat. steps c1:1.n be t a ken to nr."'1.ke the f roods 

less susceptible. An:t:toxida.nts h~ve been added t o some commercial i·f;e~ \\vith in­

creased shelf life repor-ted. There arel ho~~ver, no cases lcnown wh~re these 

antioxids.nts give complete protection and the p roducts sti ll must be given addi­

tional protection from oxyg&no 

Most inve~e:·~igetors b.a;ve accepted the limitation of 2 pezocen·~ or less oxygen 

in the h~dap?..ce ~a or its equi-wler.tt in w.cuum for satisfactoey storage st:~.bill­

ty -of all freeze-dri.ed. f oods o ~~e 2 percent maximum h~s been used 'by the Arme::Jl. 

Forces in t he devel opment of rations and for large scale procurement8 f or field. 

use , wi.thout the use of any added antioxidants o This limi.t is well within the 

capabiliti es of industry ~nd. experience has shown that the products M.1r~ satls~ 

factory s torage stabili :tY' o However, as more becomes known about the reactions 

of individual products with oxygen)) and industry capability to obt!;),in low o-;ey-­

gens is improved, it is prob!9!.ble thst limits wi.ll be set for individu&l i.tems 

rather truin using a blanket 2 percent limit for all items o Investig9,tions 1nt.o 

the storage stabil ity of .combina~ion meat products used in the Food. Packet, Lor~ 

Range Patrol show t bat most of the items must be packed at 2 percent or less oxy~ 

gen o However, two i terns~ beef with rice and chili con carne are l ess sens:t:tl.ve 

to oxygen t~an the other i'tems . Extension of this work :i.s indica·ting that t.he 

effect of tempe~ture on oxygen upt~ke v~ries with different product . 

Determining the &,mount o:e oxygen in the headspace gas act'll.ally :ts: en indi­

rect method of controlling oxidation and l eaves much to be d.esired. In the 
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first place, it gives no indication as to exposure of a product to oxygen before 

it was sealed i.n the container. Secondly, if' the test is cond.ucted at some time 

s·ubsequent to sealing the cont&J.ine:rJ> a;ny oxygen uptake by the product is sub~ 

tracted from the headspace and does not show in the results. Thus, the oxygen 

test .mue~ .be combined with good quality control practices to insure good product 

control. It will, of course~ detect a faulty package and is the best method 

presently available for controlling oxidation. 

Ef:t'ec·t of MoistuTe 

Freeze .... dr!i:ed foods are extremely hygroscopic and must 'be handled under lmor 

humidity condttiions. Military specifications generally limit the moisture con-

tent to 2 percent or less and, as with oxygen, results of storage studies and 

large scale field use have been satisfactory. Deterioration due to moist·qre is 

not microbiological, but rather caused mainly by non~enzymic brrnrn.ing . Extent 

of browning will depend upon the composition of the parlicul a:r food, tempers:ture, 

and the moisture content . Slight bie'0wning can occur in some products a;t moistures 

less than 2 percent during high temperature storage, and the amount will gradue~ly 

increase as the moisture is increased. With other products very little9 if ~r.9 

'brown:i.ng will occur w:l:th moistures of 10 percent or higher. The browning reae-

tion _not only causes color'changes, but also results in off-flavors and odors . 

If the moisture limit9.tion couJ.d b.e raised, s:f.gnificant savings could be 
./ 

made in the freeze drying process ,since removi~ the last 10 percent moisture in 

the product is the most di:f'ficult and co~tly. However, any increase must be msde 

on individual products af't.er careful study and consideration of' the e:nd _us~ of 

each product. Some products such as dehydrated beef stew become inedible in a 

short t ime when held at over 4 percent moisture under military storage conditions. 
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O'fihera P such al3 compr:essed. cooked. beef P remain a&ti.sfs.ci;oey :ftOl" ~ conaider®..ble 

period of time at 10 percent moisture . Since s. b:ro~d. range of products h9w·e been. 

tested s,nd 1.Jtsed. 'by the Ar.mec! For>~~s with t he ~ pel"cent moisture lim1:'-~tions _9 

will stamd up. 

Nie::rob:l.ologi cal Problems 

:Oeterior.:~.tion of :f:tere~eoo.ried foods is r.;ot ~au.sed by micro·biological action 

:foods u.uder ce~in eonditionz . Howenrerp the process cannot be con.s:J.dered. a ste= 

Ox1ce it i~ reh;rd.Y~;ted, "the food ID'JJ.St be h~ndled. as any other fx'esh or cook.ed f ood. 

or it will spoil. 

In the handling .&,nd processing of the foods t.he same sani ta.:r.y :requirements 

mus t apply ae would b e i n fo:r.ce with the equivalent f resh or cooked pr<oducts . In 

add.it ion» _.freeze~dl."';ying a s cunently p:racti.ced~ i s a b~tch operatl.on wh:i.ch re ·-· 

q,uires ha,nd labor 19l.nd exposuJ?e before and a:fter the pr ocess which is not f ollowe-d 

b y cooktng or r et orting. ThusJ serious conta,mination could :occur if' suit::1l>l e prce.·-

~"·u:tions c>,re not t~kem.o 

Public He~lth Aspects 

Si:nce t he low moi sture of' f'reeze~dried foods prevents microbi.ologica.l growth,9 
' 

a f aulty con~iner is not necess.!l',ril y ®ngerous to health as is such e cont s:lne:r. 

wit h canned f oods . Under oz'dinar.r condi tion:s 9 a faulty container might ~.llo·w the 

entrs.nce ot · oxygen which. 'will oxidize the p rocluct and moi.s ture. 'I'hi~ will cause 



off~flavors , but the product is still edible although some persons may be very 
:; .• • '.:; • , • • _ ...... : -.< ).'D.:;, ! ·i. :1 ~;_ •· .• :·· ' lllt, n 1 ._1, ··• ~ , • 1 ~ ··-

sensitive to rancidity and subject to intestinal upsets. The products will not 

pick up enough moisture from the atmosphere to support microbiological growth. 
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ORGANOLEPTIC PROPERTIES OF FREEZE-DRIED FOODS 

Research and consumer tests have shown that most freeze-dried products t end 

to rate lower in organoleptic characteristics such as odor, flavor , and texture 

than do their fresh or frozen counterparts. This is par ticularly true of flavor 

and texture which are us\W!.lly considered the most impo~nt ch2tl'el.cter istics ·to 

the consumer. However, proper product des ign and processing result in free~e­

dried products which receive excellent consumer acceptance and many are hard 

to dis tinguish from the fresh product. 

Fl avor 

The lower flavor mtings are usually characterized as a "la ck of f'l&vor. " 

This results from the loss of the more volatile flavors in the freeze-drying 

process. Preliminary work has been done to collect the fle,vors and add them 

back to the dried product, psrticu~rly in the case of fruits . Other m~ns of 

fortifying or accenting flavors a,re used. The most common method of irrlprov·i:ng 

t he flavor of meat products is through the use of gravies and sauces. When they 

are used proper ly, the resulting me~t product can approximate that made from 

fresh ingredients. This is particul&rly true of combination items such as stews 

and chili. 

Texture 

Recent studies have shown t hat flreeze-drying tends to toughen mes.t ffber!S. 

Toughness of meat hms been ~nd continues to be the subject of many experiment~l 

s tudies which range from ani~l breeding investigations to the ~ddition of 

enzyme tenderizers to the cut meat. 
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Studies conducted with beef and por.k showed that t.he time-temperature reia.­

tionship in cooking is critical in obtaining a uni formly tender product. Appa-

rently-, due to successive coe.gulation of the various proteins 9 the meat 'becomes 

progressively tougher as the temperature is raised to about 165°F. Under 165°F. 

cooking temperature has almost no tenderizing effect . However, above 165~. the 

meat becomes more tender as cooking cont inues . Tough connect:i.ve tissue does not 

necessarily follow the same p~.ttorn. However, the amount of cooking necessary 

to tenderize coagulated protein will usually t enderize the connective tissue. 

More recen~ studies have i ndicated that the temperature which results in _the 

toughest freeze-dried meat is not the same as the temperature at which the same 

meat is toughest when not freeze -dried. For example, a study of turkey white 

mea t shows the toughest meat is obtained at an internal cook temperature of 

approximately 160°F. When the product i s freeze-dried, the toughness peaks at 

about 170°F with very l ittle tenderizing taking place if the meat were cooked at 

below this temperature f or up to 6 hours. Therefore, the time- temperature reL~­

tionship i.n cooking must be considered for products to be f reeze-dried. 

Additional t exture factors must be considered with freeze-dried foods. In 

rehydration, the water i s a.bsorbed as in a sponge, going. into the fibers an.d ~lls 

slowly. Since the water is not bound tightly, improper cooking of a rehydr&t~d 

product can leave t he food dry. Or when a cooked, rehydrated product is rehydl~­

ted and eaten, it nay be very j uicy on thet first chew and d.ry a_:f'ter t hat since 

the water i s not tightly bound and is relea,sed in the first chew. Proper proces~ 

sing controls can alleviate this problem. 
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Improvement of Organoleptic Properties 

With the early f r eeze-dried combination items, products were made up by com­

bining dry ingr edients. ~~is method allowed cost reduction by utilizing the mos t 

economical dryi.ng pr ocess for es,ch ingredient. However , i t was found tha.t a. su­

perior product wa.s obtl9).ined by f'lteeze-drying the formul~ted combin&tion i t em. 

Besides gi vi.ng much f®.s t er rehydr&tion, this method results in products whi.ch 

receive higher taste p®.nel ratings . Costs have been minimized by t he i ncreased 

knowledge of the freeze-drying process, the increased production volume in the 

industry and greater mechanization. The ma,in disadvant&ge is that density is 

decr eased. This c~n be controlled to some extent by proper formulation and the 

amount of water used dur ing product formulation. 

Tenderness of cooked f reeze-dried mea t has 'been found to depend upon the , 

quality of the meat to some extent. However , as mentioned above much more im­

portant is the cooking of the meat . The cooking process should be designed 

specifically for f r eeze- drying. 

A very important part of improving the organoleptic properties of cooked 

meat s is in designing the correct sauce or gravy to be used with t hem. The 

sauce or gravy must supplement flavors lost in f reeze-drying, but must not inte~­

fere with rehydration. 

Little work has been done on improving t he or ganoleptic properties of f reeze­

dr ied raw m~ats . The use of tenderizers has been investigated to some extent and 

shows promise. However, the work is not f ar enough a l ong to draw definite conclu­

sions . One of the most impo:rta.nt areas of improvement is in the development of 

recipes and cooking methods. Such things a8 breadi ng, holding in gravy, etc., 

do much to allevia te dryness and toughness.1 This i s an ~rea which deserves much 

more study. 
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DESIGN AND PREPARATION OF PRODUCTS FOR FREEZE-DRYING 

One of the most important aspects of freeze-drying is the design and prepa-

ration of the products. The process of freeze-drying is simple and straightfor-

ward. Simple precautions to keep oxygen and moisture from the final product wi ll 

assure ~torage stability. But desfgn and preparation of products for freeze - dry­

i ng are much more complicated and very critical. 

Design of Products 

Pr oducts should be designed specifically for freeze -drying with particular 

attention to the nature and l i mitations of the pr ocess and the end use of the pro­

duct. When f r eeze -drying first became pop~lar in the late 1950's many ill-con­

ceived products were tested and even marketed only to fail. In many cases high 

costs were blamed for the failures. This was only part of the reason. Flavor 

and texture were not good enough and the products did not give the consumer 

e~ough convenience or price a dvantage over competing products. 

It is obvious that products which do not freeze-dry well should not be used. 

Freeze-dried sausage, for example, will not rehydrate. Cured meats such s.s ham 

can be freeze -dried and will rehydrate, but have a tendency to devel op off-fle.~ 

vors under the severe storage requirements of the Armed Forces, a l though the~e 

have been some successful ham products on the commercial market. 

In many cases the freeze-dried pr oduct does not of fer enough advantages over 

the same or equivalent product dried by other means. For example, a spray dried 

egg mix used by the Armed Forces is an excellent product at reasonable cost. 

Therefore, higher cost freeze-dried scr.e.mbled egg i s not ~rranted. However, a 

freeze-dried scrambled egg product is pr oposed for future combat ra tions wher e, 

the superior quality, no cooking and logistical advantages of the freeze-dried 

product overcome the cost differential. 
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A product designed. f <.1zo the American consumer mazoket usually will be qtei te 

different from the same p roduct designed for an 18-22 year old soldier in a 

stress situ2!.tiorJ. One st:dking dH'ference is that the Military designer is fre­

quently attempting to put more calories into less weight and cube while still ob­

taining a product which i:S highl y acceptsble to his "customers". The consumer 

market at pTesent mirdxnizes calol"les . The military also r equires greater sto:r'~ 

age stability for its products . 

Raw Materials 

The freeze-deying pzoocess cannot be expected to upgrad.e raw rreterials or to 

1ncrease acceptance of a pz·oduct. Actually, freeze-drying often will accenh.tate 

minor defects' so tr1.8l.t they become ll'ajor deficiencies in the final product~ 

Gristle becomes hard when f r·eeze-dried and will not soften in the rehydration 

water. Furthermore, when muscle fibers end at gristle, it is diff'ic1ilt for rehy­

dration w-ater to penetr&te t he fibers with an unrehyd.mted spot resulting. 'lrari­

ety and maturity of fruits and vegetables affect the quality of the dried product. 

Some varieties of potatoes will not maintain piece integrity when rehydrated in 

combination foods such as· stew. 

Fat 

A common factor which prevents good rehydr.ation of meat and meat combina1ion 

items is fat smearing or too high e percentage of fat. Fat acts as a water re­

pellent. Thus, it must be r~ndled in a product so that t he water can get past 

it t o reach the fibers . A striking example of this was foWld during development 

of the combination items f'or the Food Packet, Long Range Patrol. 81111:111 quanti­

ties of vegetable oil were added to the products to increase tb.e caloric content. 

Rehydration time with hot water 1-re.s increased f rom· 2-3 minutes to as much ®.s 10 



minutes. On the other hand, when the same quantity of solid beef fat was coarse-

ly ground and added without excessive mixing, the rehydration rate changed very 

little and t he decision wa,s made to use beef fat rather than oil . 

The fat content of ground meat products such as beef patties and. pork sau-

sage should be held below about 25 percent. To prevent fat smearing the products 

must be handled and mixed as little as possible with the product temperature 

kept low. It has been found that cooked corn mea l mixed with ground meat pro-

vides very rapid r ehydration. Vary·ing the quantity of corn meal from 0. 5 per= 

cent to 11 :percent changes the rehydm. ted texture of the product · f rom firm to 

mushy. This technique permits a l a,r ge number of products such as fish patti.es~ 

' meat balls, and pork sausage links to be successfully freeze -d.r.ied. 
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PACKAGING OF FREEZE-DRIED PRODUCTS 

Since freeze~dried foods are sensitive to atmospheric oxygen and moisture, 

the product s must be packaged with the shortest exposure time possible . Further­

more, the packaging mater ial mus t be impervious to moi stur e and oxygen. 

Cans 

The tin can meets the p:r.otecti ve criteria and is currently used for pack:el.g·­

ing most freeze-dried foods. The cans are filled with product, evacuated, back~ 

flushed with nitrogen to l ess than 2 percent oxygen and sealed. Gasket material 

on the lids is not the same as that which is required for cans to be retorted 

since freeze -dried foods are not further heat processed. Small sizeq cans can 

be v:acuum packed. At the vacuum required for product stability (.27 or more 

inches of mercury-), most large cans will collapse. Nitrogen packaging is done 

.in two ways. Holes ·are dr:i.lled in .. the can lids and the cans closed :i.n the usual 

way. They are then placed in a vacuum chamber, evacu~ted, and flushed back with 

nitrogen. The cans are then tip soldered. The more common method is to run the 

f illed cans through a sealing machine which applies only the first clinch. The 

partially sealed cans are placed i n a vacuum chamber, evacuated, flushed with 

nitrogen, and sealed completely. Care must be taken tha t the first closing op­

erat.ion does not seal off the can to ~uch a degree that. the nitrogen cannot com~ 

pletely fill ~he can. 

Cans have seweml disadva,ntages for Armed Forces use. Round. cans ws·te at 

least twenty percent of the space they occupy due to their shape and add unusable 

weight. In addition, brittle products such as meat patties and fi sh squares do··. 

not fit tightly into the 'round cans, a llowing the product s to move during shi p ­

ment, causing breakage and powdering. 
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Flexible Packages 

Flexible containers are the most promising packages for freeze-dried foods. 

They do not waste the space that a can does. They can be either gas packed or 

vacuum packed ~nd, in the case of vacuum packing, the products are held in place 

so they do not break up during transit. If the proper films are used;- the 

packages are impervious to moisture and oxygen. Films used for flexible packag-

ing · are . criston~rily 3 ply -laminates," such as a polyolifin-foil~mylar. Since 
~ 

flexible packaging technology is new, package integrity is not equal to that of 

cans. In addition, the fr~eze-drying industry_ does not have flexible packaging 

e~uipment versatile enough to handle packages of different sizes and shapes at 

desirable production speeds. 

In nitrogen packing, the packages are evacuated and flushed, removed from 

the chamber, and sealed on an external sealer. The sealing bar may be contained 

and operated in the vacuum chamber. With vacuum packaging, the sealing bar must 

be in the chamber. 

Flexible packages are placed in chipboard intermediate containers to protect 

them from damage, improve the external appearance, and provide for easier pack-

ing in the shipping case. When the packages are 'shipped without the chipboard 

container, they must be packed very carefully to prevent movement within the 

case and subsequent damage to the packages. 
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TESTI NG FREEZE-DRIED FOODS 

In the development of freeze :..dried food items :for Milit ary use, one o:r · the 

most important ·criteria :l.s consumer e.cceptance. All new pr oducts mus·t be judged 

acceptable by a consumer panel after storage at 100°F. :for 6 months" Additional 

. 4 0 0 000 tests a.re.run :for one year and often longer a t 0 , 70 , and 1 F. 

Taste ·pa~els 

The taste t est panel is the only posit ive , although sub jective , test of pro= 

duct quality. I n general, the;re are three main types of taste testing panels . 

The consumer pan.el i s designed to determine how much the consumer likes. the pro-

duct and why. The technolog:l.cal panel is composed of technologi sts who are fa-

mtliar with the product and can spot differ ences which would not be very apparent 

to the casual consumer. The flavor profile panel ·is composed of highly trained 

personnel and is capable of assessing the various :flavor notes which make up 

t he ove·ra.ll flavor. 

Consumer taste panels are widely used in industry and laboratories to deter~ 

mine likes and dislikes·. They are not a "sharp" analytical tool in that they 

normally wil l not pick up small ·differences in food products. Therefore, they 

have limited use in the ear ly s t ages of development wor k. However , t he final 

product must be acceptabl e to the consumer . 

Technological t&ste panels are used in development wor k and in comparing 

products . Sometimes t hey are used f or e¥e,luating pr eaward samples and in compar -

ing product ion wit h preaward samPles . Panelists shoul d be objective in their eva-

l uat ions, and if properly in~tructed, will gi ve· very good, reproducible resul t s . 

Flavor profiling, developed by Arthur D. Little, Inc . , i s used primarily as 

a developmental tool in f ood laboratories . Members of flavor profile panels are 

i~tensively t rained and can be considered flavor experts. At the present time 
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such panels are seldom used for routine quality control work although they may be 

used in special cases such as for determining the source of off-flavors. Texture 

profiling is receiving some attention, but it has not yet reached the status of 

flavor profiling. 

Since taste panels are subjective, use and interpretation of their results 

must be carefully controlled. Unless the panels are conducted and the results 

evaluated by persons trained in experimental and panel work, serli.ous .. errors can 

be made. 

Chemical and Physical Tests 

Chemical tests used routinely with freeze-dried foods are those for head-

space oxygen and moisture in the product. Other tests, such as for fat, may be 

used as required. 

Military specifications usually specify a moisture test in accord~nce with 

Official Methods of Analysis of the Association of Official Agricultural Chemists. 

Most freeze-dryers use rapid moisture methods for routine control in the plant, 

generally units which utilize infrared heat and give results in 15 minutes. When 

properly calibrate~ against the oven drying method, these units can be expected 

+ to have an accuracy of about w 0.5 percent. 

Oxygen in the headspace gas of freeze •dehydrated products can be determined 

by one of at least three methods: micro orsat, gas chromatography, or polaro-

graphic. 

The o:rsat determination of oxygen in a gas, which has been used for many 
. . 

years, is rapid and accura~e. Equipment used for the test can be portable and 

used unqer plant conditions. Gas chromo.tography is accurate, but requ'~res more . 

elaborate equipment wit~ more highly trained .personnel to operate 'it than is 
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nec,essaey 1otith the other two methods . The polarographic method is i~corporated 

intq severa~ portable instruments now in the market and is quite accurate . How-
. 

ever, carbon dioxide~ which is ofte~ given off by freeze -dried foods during stor-

age, will adversely aff ect t he sensing units, so the use of this method with 

freeze~dried foods is limited to the freshly packed containers. 

When the products are vacuum packed, the vacuum can be determined by dir ect 

methods, indirect methods, or by ·risual examination. 

I n direct measurement, the can or flexible package i s pierced using a special 

gauge with a r ubber seal around. the pier cing deyice. The result s are read direct~ 

ly as vacuum in inches . With· cans , this is a standard method that has been used 

for many years in the canning industry. However, the sampling technique i s not 

as easy with flexible packages s i nce it is far more d.ifficult t o seal off the 

entrance hole. One. method used successfully ha,"s been to place a self=adhesi ve 

rubber patch on the packs,ge and pierce it: with a hypodermic needed attached to a 

vacuum gauge of some tyPe~ ' This s~e method can be used to draw off samples of 

headspace gas for analysis. 

The most co"mmon indirect method of measurement is called a flip test. The 

can or package to be tested is placed in a bell jar or similar container where 

it can be observed as a vacuum is . d~.wn on the container. When the vacuum in the 

container reacnes approxiiil.'!'l,tely the same vacuum B,s is in can or package , the can 

lid will ''flip", outwa;rd. or the film of the package will relax. This method i s 

only approximate and is sel dom used in military specifications. It has the ad.~ 
' ' 

vantage of being non~destructive. 

Visual ex.am:i.rtation for vacuum is used primarily for flexible packages . It 

' consi.sts of determining whether or not ·the film clings tightly to the produc:t.. 

This· is a "go~no=go" examination that is non~destructive . 
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COMPRESSION OF FREEZE-DRIED FOODS 

Since freeze -drying removes water without appreciably shrink~ng the product, 

freeze-dried _foods have a very low density. Since -volume as well as weight is 
l 

an important consideration with military rations, researph effort has been di-

rected toward compressing freeze -dried foods while maintaining their rehydra-

tion qualities. Progress has been made which indicates that it is a possi-

ble and even practical goal. Potential volume savings can be up to 5 to 1 with 

meat products and as high as 16 to 1 with some vegetables. 

The term " compaction" has been used where the foods are compressed or other-

wise made as dense as possible before dehydration. It is also used when the dry 

product is shaken or otherwise made to settle in the container. The term "com-

pression" is used when the dry product is mech.a.nically formed into a bar or cube 

~ith a press ._or pelleting machine. 

Compaction is currently used with certain fruits and. leafy vegetables before 

freeze-drying. Generally, these products are forced into a mold, frozen, and 

sawed into blocks for freeze-drying. Foods for astronaut feeding are carefully 

compacted to a uniform density to improve pac~ging characteristics and to 

standardize calorie cont~nt. 

Compressed freeze-dried foods may be divided into three general classes. 

There are bars which are intended to be eaten as is with no rehydration, bars or 

blocks which are intended for use in organized dining halls or situations where 

equipment and time are available for rehydration, and bars intended for stress 

situations where the bar can be eaten as is .. or rehydrated in a very few minutes 

with either hot or cold water. The first class presents few problems (Fig. 9). 

The second class is more difficult, but several products such as freeze- dried 

peas, cherries (fig 10), diced meat, etc., have been developed and are ~n 

various stages of being tested for inclusion in regular Armed Service use. The 

third class is the most difficult to develop. 
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Id.eally, a food bar for mili tary rations should have a double purpose. I f 

conditions permit~ it should be rehydratable with either hot or cold water in a 

reasonable time to closely app:roximate the original product . I f conditi ons do 

not permit rehydration~ it should be edible as i s . The bar cannot ·be s o ha.rd 

that it cannot 'be e~ten or so soft or brittle that it cannot be handled. Further~ 

more, the salt and spice l evels must be carefully adjusted so that the bar will 

be acceptable regardless of' the form i n which it is consumed. Compressed bars 

intended for eating as i s and. which will not rehydrate to the original form m~m 

be useful :i.n certain s ituations and ~ group of such bars has been developed f!,nd 

~is . being tested. 

It has been found. that most freeze~dried foods can be compressed without 

shattering if a pl.a.sticizer i s added .to the dry product. Glycerol, for example, 
'· 

works very w~ll in amounts of' 10 to 15 percent by weight, but adds a sweet taste 

l,fhich i s undesirable with· many foods. Wat er is the best plasticizer found. 

Foods having mqis ture contents of 8 to 12 percent can be compressed using pres -

sures ranging from 1000 to 5000 pounds per square inch. There are two disadvan-

tages ±n using water. First, with t he present state of the art 3 the freeze- dry-

ing process cannot be stopped a t a part~cular or accurately controlled inte~~e-

diate pr oduct moistur e. The water must be added to the dried material by spray~ 

'ing or other means . Secondl y, · the prod.ucts must be redried after compression to 

below 2 percent moisture to obt~in ,good stability. In most cases the redrying 

is done by hot air or vacuum. 

With some products.~~ hei9l.t rather than moisture can be used to plasticize and 

thus eliminate the need for adding moisture and redrying. The high sugar content 

of freeze-dried cherries, blueberries and apples apparently i s r esponsible for 

the success of this more ef'f'icient processing method with these prod.ucts . 
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Even using plasticizers, the problem of rehydration still remains i n many 

products. Compression destroys the numerous pathways in freeze -dried products 

which allow rapid rehydration. The compressed bar is often impervious to moist ­

ure. In addition compression tends to break up fat cells in a product, coating 

every particle with water repel~ing fat . 
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'FOOD FOR SPACE TRAVEL 

Fr eeze-drying h~s played an important part i n· development of foods for astra~ 

nauts. Space travel has certain features which are unique and present real prob­

lems in design and devel opment of f ood product s . Although the ·quantity of food 

J)roduced f or space travel is veey SrrJC~,ll, inf ormation gained in its development 

already has had many applications for mass produced f oods. 

Highly acceptabl e J yet lightweight f'oods were requ:i.red for the space pro·R 

gram. This, dic'U'l.ted. major dependence upon f'reeze-dried foods. Access t o water 

for rehyd~tion of foods is not ~, me,jor problem since wate~ can be recycled or 

obta ined as a b~~product from the fuel cells . 

Tighter parameters are used in developing space foods in comp~:r:i.son wtth 

those f or foods f or combat. Acceptability, adequat e nutrition, and wholesome= 

ness are among t he principal design parameters . The l ast paramet er dictates 

extraordinary precaut ions tlw,t must be taken d.uring manufacture to prevent any 

microbial contaminati on of the pr oducts . 

Weightlessness (zero g~vity) does not affect the normal chewi~g, Sw~llow­

ing, and digestion processes. However, crumbs and fluids can become f ree float~ 

ing and are potential hazards to electrical equipment and breathing of the astro~· 

nauts. Thus, in the early space flights, food.s consumed in the fluid or semi­

fluid state were rehydmted s..nd eaten f rom a .. closed container sy·st em. Foods 

that are consumed dry mus t be coated in such a way t hat they will not 9rumb 

or dust when eaten under weightless con.dtions. During 1968, it was demonstrated 

tha t it is pos~ible to eat wet food.s with a spoon f rom open containers under 

zero gravity condition . This was fi.rst t r ied on a .limited basis in the Apollo 8 

and ' 9 flights and·was so successful that for Apollo 11, ten different f ood items 

wer e planned and packaged f or spoon consumpti on (Fig 11) . 



Two general types of foods have been developed for spa ce f eeding : r ehy ... 

dratable and bite size, which are eaten as is (~ig. 12). A third type, wet 

packed foods sterilized in flexiple packages, show pr omise although they do not 

have the weight advantage of dry foods. 

Rehydratable foods are carefully formulated products such as precooked beef 

stew or applesauce. These are f r eeze-dried and will rehydrate rapidly in hot or 

cold water and then can be forced through a feeding tube by pressure on the flexi• 

ble container. The original products of this type were rather finely ground and 

did not resemble a stew or simi lar product. However, they would rehydrate rapid-

ly in cool water. Further developments such as over- cooking the mea t which pr o-

motes rapid rehydrati?n led to the current prqducts in which the principle res-
J 

triction on component piece size is the diameter of the feeding tube. 

' 
Preparat ion of the rehydratable foods is no different than the preparation 

of any combination food except in the intensive and extensive quality control 

used i~ controlling raw material quality, formulation, and processing variables. 

In qrder to obtain the correct weight and block size for individual servings , the 

product is usually frozen in "logs" and then sawed to the correct th~ckness. 

Occasionally, the wet product is cast into molds of the correct size and then 

frozen. The frozen product is freeze- dr ied using low levels of heat. 

There is a wide variety of bite size items available ranging from main 

course stews through desserts (Fig. 13). Most of them are f r eeze-dried except 

candy even if only to remove moisture added during coating and most of the rehy-

dratable products can be adapted to the bite size. Two of the more important de-

sign characteristics are texture and mouth feel. It must be r emembered that almost 

all freeze-dried foods are very brittle and friable. Unless the products are pro~ 

perly made, they will crumble into dust at the least pressur e or shock. On the 
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other hand some of them ~n be abrasive to the inside of the mouth and eating 

very many pieces can cause soreness . The sensation of dryness can be considered 

part of mouth feel. Freeze~dried foods have an affinity for water so that they 

can absorb moisture from the mout h fester than it is replaced natur&lly. Judi-

cious use of :tats in the product formula i.s the most common way of improving 

mouth feel of the bite size items . 

One of the most difficult tasks in t he preparation of space foods is t he 
.. . 

control of density so that piece size and weight fall within the very close 

tolerances deemed necessary. Space capsules are very crowded resulting in in-

tensive competition for every cubic inch of space and every pound of wei gh.t per-

mitted. Thus, the :foods have to fit into their allocat ed space and the allotted 

weight , yet provide the nutrients for which they were de$tgned. Density of a 

freeze-dr ied food. can vary wid~ly depending primarily on the density of the raw 

mat~rials .. Since these in.9.terials are reduced i n weight to as .great an extent 

as 1/10 of their original weight, small di fferences in original density are 

greatly exaggerated by the drying process. One of the best meth6ds of density 

control particularly of combination foods i s to control the amount of water i n 

the formulation so that the present soli ds in the wet mix is constant. 
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COMMERCIAL FREEZE-DRYING 

Freeze- drying i s one of the few processes which can be scaled up from labo-

ratory to production with a lmost no changes in operating parameter s. Laboratory 

driers are generally smaller editions of the production sized uni.t s. Basically, 

all freeze-drie~s consist of a chamber which conta ins shelves for the pr oduct and 

which is capable of holding a high vacuum; a source of vacuum; a .means of apply-

ing. heat to the pr oduct; and a means of condensing the vapor coming f rom the pr o-

duct. Main variations i~ commercial units are found in the arrangement of com-

ponents, instrumentation, and material s handling. 

Common commercia l units are large enough to .hold 800-l200 pounds of frozen 

wet product loading 2-3 pounds per square foot of platen (shelf) area. The pro-

duct can be l oaded by individual tray, but the most common method is by. r olling 
' . 

a ·truck containing the trays i nto the freeze -drier where the trays automatically 

interleave with the heating platens. The trays can then be lower ed 6nto the pla-

tens if heating is to be by conduction or held suspended between platens for 

heating by radiat~on . Heating by radiation is usually considered the best method 

since it gives a more uniform distribution of heat. 

Vacuum Systems 

Vacuum for the system is obtained either with steam jet ejectors or mecha~ 

nical pumps operated with electricity. Choice between the two is based upon eco-

nomic factors and either will perfor m satisfactorily when properly designed . 

' Most commercial installations use mechanical pumps. Various configurations are 

· used with the vacuum systems in order to obtain the vacuum required in the short-

est time with the least cost. A common method is to use a roughing pump to ob-

tain the initial vacuum on a unit and then to change to a holding pump which may 

maintain · the vacuum on· .several units at the same time. Most commercial systems , · 

will hold the pressure in the system below 500 microns for the entire freeze-dry­

ing cycle. 
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Vapor Condensation 

Vapor condensing systems are usually of t he r efrigeration type. Some expe-

rimental wor k has been done with dr~ing systems using a des sicant e&pable of re-

generation. However~ there are no known commercial f reeze-drying installat:l.ons 

using thd:rFmethod. Designs of the condensing surfaces and of the system in gen-

eral mus t be c~refully made. The ice formed by the condensing vapor i s a very 
-

good insul a tor and the efficiency of the system can be impaired seriously by i ce 

build up in l ocalized. areas or by und.er-capa.ci ty of the system. Pr ovisions must 

be made for defrosting the unit between drying cycles . Some o:f the commercial 

units have the condensing surfaces in the drying chamber itself. It has been 

suggested that internal condensers would not wor k since the drying product cou~d 

"see" the condensed 'V"&por and there would be a t ransfer back to the wat er mole-

cules. However~ the systems of this type now in use are giving g~od results. 

The other type of commercial UL~it has the condenser i n a s~arate chamber con~ 
. . 

nected to the drying c~mber by a large diameter pipe. I t should be poi nted out 

that the water molecules coming f rom the nateria.l being dried are not "sucked out" 

by the vacuum a s i s sometimes mis t akenly st ated. The water molecul es move be-

. ~ause of ~ concentr ation gra,dient between the .product being dried and the conden~ 

sing sur face. The motion of' an i ndividual molecule is random in di:rect:l.on and 

;ts i mpeded by coll i sd.on with other molecules and with surfaces i n the drier. For 

this reason, the condensing sur~:ce should. be as close t q t lie :Pr .oduct as possible 

a nd the p9,thway should be as open as. possible. In some older. freeze-dr,y·ing i nstaJ.;.c 

lation~ , drying time f or given products was decreased more than 50 percent by in­

cr ea sing the diameter of the connection between the dr i er and the condenser. 
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Food Preparation 

Commercial freeze -drying installations in the United States vary in their 

food preparation capabilities. Some are associated with food plants and either 

are equipped or can obtain equipment from the parent company for aQmost any pre­

paration process required before freeze -drying. Others are primarily contract 

freeze-dryers and have little equipment beyond that needed for freezing, freeze ­

drying, and packaging the finished product. Problems have been encountered with 

· such an arrangement since the supplier does not necessarily understand the prob-· 

lem in freeze-drying and has furnished products which will not freeze dry proper­

ly. Therefore, the freeze-drying concerns are tending to install more preparation 

equipment. This is particularly true when they obtain contracts large enough to 

justify the expenditure or rental fees. 

Material Handling. 

Material handling in freeze -drying plants has not been mechanized to a great 

extent. Products are usually prepared by batch methods and are loaded on trays 

except where they are fluid enough to be pumped or poured. The trays are loaded 

by hand into special carts which are also handled manually. Packaging of the 

finished product either in cans or flexible packages and scaling is by hand. 

Some progress has been made toward automatic package filling with some products 

such as powders and combination products which are in the form of small chunks. 

However, it is not expected that there will be any outstanding advances in this 

direction until production volumes are large enough to justify equipment costs. 

In the case of specialized plants which produce only one product such as freeze­

dried coffee, equipment can be designed for practically all material handling. 

With plants which do not specialize, automating material handling is much more 

difficult and expensive. 
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Drying cycles 

Since drying time i s highly dependent upon the rate of heat input, commercial 

f r eeze-drying oper-ators run their dryers at the highes t possible temperat ures . 

The mos t common method is t o program the hea ting cycle so t hat the surface t empe-

rature never exceeds a pr edetermined. val ue. · With mos t mea t s t his maxi mum value 

0 is 150 F. The progr~m i s started with a high platen temper~ture, pos s ibly as 

high as 300°F which is gradual l y reduced to 1500 a t the end of the cycle . Instru-

mentati on f or determi ni ng surface t emperature in f r eeze-drying plants i s not ve~y 

sophisticat ed and the methods used only give f ai r ly close approximati ons . Most 

programs h~ve been dev·eloped by tri a l and error. Some milit~ry specifications 

contain requir ements for maximum surf a ce temperatur es during drying with a pro-

vision that if platen tempexatures are maintained below a certain value , the pro~ 

duct surfa ce temper ature may be ignor ed. Usually this maximum platen tempe~ture 

is '5°F above the maximum des i red product sur~ace temperature . Experimental work 

is resulting in more and mor e knowledge of the temperature and time effects of 

the heating cycle in individual foods . This knowledge is expected to be r eflected 

in future specificati ons. 

Quality Control 

Most freeze-drying operations have good quality control. Requirements f or 

oxygen in the container headspace and moi sture i.n the finished product are usu-

a lly t he same as required by military specificati.ons. However, commercia l pro-

ducts are not designed to undergo the sever e s torage conditions which must be 

considered for military rat i ons so that both oxygen and mois t ure r equi r ements 

are frequently relaxed s l i ghtly. 

Control of the final moisture in the product ~s accomplished by indir ect 

means. Thermocouples implanted in the center of the frozen product will indi cate, 
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by a leveling off at a temperature near that of the ple;ten tempe:ca.ture .? that the: 

drying is near completion. Isolating the drying chamber shows t he same thing if 

little or no pressure rise results. When the operator feels that the product is 

dry, the chamber is opened and the product tested on one of several available 

commercial rapid moisture testing devices. If the product is not dry enough, 

the chamber is recl osed and drying continued. Once the drying cycle l~s been 

determined for a given product with a given loading, there is seldom any prob~em 

with controlling the moisture content of the product upon removal from the dryer . 

Problems usually arise after that point when the product is exposed to high humi­

dity for a time before packaging. 

Control of the oxygen in the head~pace of the final package is obtained by 

first determining the proper evacuation and flushing cycle and then maintaining 

it. Samples are checked at intervals to make sure there has been no change in 

the cycle and that there are no faulty cans or packages. Vacuum packed flexible 

packages can be checked by observing whether the film clings to the product or 

not. 

Packaging 

Almost all freeze dry processors fill and weigh contai.ners by hand. This 

is primarily due to low volumes of any one freeze-dried product. Where volume 

and nature of the product permit, automatic filling and sealing devices are 

being utilized. 

A~l commercial freeze-dryers are equipped with canning machinery and usually 

can handle all common can sizes . Equipment for handling f lexible packages is .not 

as common. Originally, most of this equipment was made up by the dryers them­

selves but more and more pieces of equipment ar~ coming on the market which can be 

either purchased or leased. 
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Since freeze-dried products are sensitive to atmospheric. moisture, packaging 
-

operations are normally handled in controlled atmospheric rooms. Relative ~umi-

dity is held to below 30 percent. Even at this humidity, freeze- dried pr oducts 

can take up appreciable amounts of moist~re. Because of this and because the 

products are also sensit ive to oxygen, they are handled and packaged as rapidly 

as possible. If·. holding them before packaging is necessary, they are placed in 

steel drums or other suitable containers and held under vacuum or a nitrogen at-

mosphere. 
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DPECIFICATIONS FOR FREhlZE-DHIED FOODS 

A list of military specifications for freeze -dried foods is shown in Appendix 

A. This list is not complete since new specifications are being added as products 

are developed. These specifications place limitations on the raw materials and 

processing as required by the intended use of the product. In addition, there 

are certain requirements which are peculiar to freeze~drying. Primarily, they 

control the process itself, the physical characteristics of the product and the 

chemical analysis of the packaged product. 

Customary controls on the freeze-drying process for meat .products include a 

maximum pressure during drying of 1.5 mm of mercury and very often a maximum sur-

face temperature of the product during drying. Surface temperature is difficult 

to measure directly so that a~ alternative is provided giving a maximum platen 

-
temperature which may be used with radiant drying. The maximum surface tempera-

tur~ limitation will vary depending upon the product, but, in general, is 150°F 
' 

with beef and 130°F with pork products. 

Physical characteristic requirements usually include provisions that the 

product shall not show soft or soggy portions indicating incomplete dehydration; 

spall not have glazed surface areas or dark cores, both of which indicate melt~ 

ing during the .drying process; shall rehydrate completely as indicated ~Y the 

absence of unrehyd~ted spots; and shall possess the odor, flavor, and texture 

characteristi.cs of a good freeze-dried product. For subjective requirements such 

as flavor, odor, and texture, a preaward sample is often required from each bid-

der at . the time he submits .his bid. This sample is evaluated by a trained panel 

and must be satisfactory if the bid is to be accepted. Portions of t he preaward 

sample ~ubmitted by the successful bidder are then used by the inspection service 
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to determine compliance with the subjective specification r equirements during 

production. Preaward samples are used with freeze-dried products because these 

product s are relatively new to industry as well as the inspection service. 
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Appendix A 

The :following m1l:tt3.ry specifications and purchase descriptions f'o:r freeze-

dried f'ood.s have been developed.. Cop:i.es of specifications can be obtained from: 

Specifications 

MIL-B-43224 
MIL~B-43344 
MIL-B~43311. 
MIL-B-43240 
MIL-B~~-3213 
MIL-B-43143 
MIL~B~~J404 
MIL- C- 43274 
MIL- C-43289 
MIL-C-43135 

MIL-C-43287 
MIL-F-434.4t} 
MIL-F-43142 
MIL-G-43275 

MIL-r.f- 43506 

MIL-P-43144 
MIL-P-43383 

MIL-S-43145 
MIL-T-43443 
MIL-T-43451 

MIL-C-43547 
MIL- C-43449 
MIL~F-43559 
MIL-P-43453 

Nav·al Supply Depot 
5801 Tabor Avenue 
Philadelphia~ PA 19120 

Meat Proo.ucts 

Bee:r· and Potato Hash.? Dehydrated., Cooked 
Beef; Cooked, Dehyd~ted 
Beef, Diced, Dehydrated, RB;w 
Beef, Fl aked and Shaped, Dehydrated 
Beef, Ground, Dehyd~,ted, Cooked 
Beef' Patties, Dehydra.ted, Raw 
Beef Stew~ Dehydrated, Cooked 
C~eese, Cottage, Dehydrat ed 
CQicken a~d Rice, Dehydrated; Cooked 
Chicken and Chicken Products, Cooked 

Dehydrated 
Chili Con Carne, Dehydrated, Cooked 
Fish Patti es and Balls, Dehydrated, Cooked 
F~sh Sticks or Sq~res, Dehydr6,ted, Raw 
Ground Beef and M&t!a.roni with Sauce, Dehydm ted. 

Cooked 
Meat Balls and Meat Ball Products, Cocked, 

Dehydrated . 
PQrk Chops, Dehydrated, Raw 
Por k Sausage, Dehydrat ed: Patties and Linksp 

Cooked 
Shrimp~ Dehydrated, Cooked 
Tuna, Dehydrated, Cooked 
Turkey, Dehydrated, Cooked· 

Plant Pr oduct s 

Chetties, Dehydrated, Red., Tart, Pitted 
Corn9 Dehydr&ted., Yellow (Cooked and Uncooked) 
Fruits , Freeze-Dehydrated 
Peas, Dehydrated.," Sweet . 



Purchas~ ·Descriptions 

IP/DES 56-7 
IPfDES 17-7 
LP/PD 203-63 
ll!/PD 84-64 
LP/PD 5-66 
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Meat Products . 

Beef, Ground, Dehydr.ated 
Food·Packed, Long Range Patrol 
Eggs, Precooked, F:r.eeze~Dr:i.ed 

Meat Balls, Dehydrated, Cooked 
Pork Slices, Dehydrated, Cooked 

Plant Products 

Mushrooms, Freeze-Dehydrated. 



Breaded Pork Chops* 
Cream Gra.:vy 
Mashed Sweet Potatoes 
Green Beans 
Bread 
Mili ta.ry Spread 
Jelly 
Apple Sauce 
Oatmeal· Cookies 
Coffee, Cream, Sugar 

Appendix B 

Typical Menu in the Meal, 25-Man Uncooked 

Typical Menu in the Meal, Quick Serve 

Hot Cocoa 
Chicken and Gravy* 
Mashed Potatoes 
Green Peas* 
Bread 
Military Spread 
Fruit Cake 
Coffee, Cream, Sugar 

-li·Freeze-Dried Components 
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FIG. 1. Meal, Quick Serve. All of the food and food serving equipment for 6 men 
except water and a water heating device is contained in one box. 
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CREAM, OR!_ 
1 

SUGAR J COFFEE r 

PORK CHOPS 1 

MEAL, UNCOOKED, 25-MAN 

FIG. 3 . Dinner No. 6 in the Meal, 25 Man, Uncooked showing both the dehydrated products 
and the finished meal. 
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FIG. 5. Dehydrated, rehydrated, and cooked steak showing how the volume is not changed . 
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FREEZE DRIED RAW PORK CHOPS 

Comparison of dehydrated por k chops packed in cans and in flexible packages. 
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FIG. 7. Diagram showing how freeze drying proceeds throughout a piece of food. 
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CHOCOLATE OATM EAL CAKE MATCHES PORK SAUSAGE LINK 

MENU NO. 3 

PROTOTYPE MARINE FOOD PACKET - -

FIG . 9. Experimental food packet made up of compressed food bars which are to be eaten as i s. 
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COMPRESSED FREEZE DRIED CHERRIES 

FIG. 10. Compressed freeze-dried cherries for pies showing a volume savings of 1 to 8 of the 
compressed versus the noncompressed. 
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FIG. 11. Package used for space flights in which the food is rehydrat2d and then 2aten wi th 
a spoon. The valve on the right hand side of the package is used to insert the water for 
rehydration. 
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FIG. 12. Rehydratable and bite sized foods for space feeding. Tube t hrough which the astronaut 
forces the food into his mouth is underneath the Orange Drink label. The pil l is for sanitizing 
the package after it is emptied. 
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BITE SIZE SPACE FOODS r 

MEATS ,. SA NDWI CHES r 

DESSERTS • 
CHEESE & CRACKERS r 

CEREALS ~ . CO NFECTIO NS r 

DATE FRUITCAKE t- BROWNIES t' 

STRAWBERRY r • PEANUT CUBES r ICE CREAM r 

FIG. 13. Various bite size foods for feeding i n s ps ce. 





FOOD LABORATORY DISTRIBUTION LIST 

Copies 

1 - Commanding General 
US Army Medical Research and 
Development Branch 

ATTN: MEDDH-SI 
Washington, D. c. 20315 

2 - Commanding General 
US Army Test and Evaluation 

Command 
ATTN: AMSTE-BC 
Aberdeen Pr oving Ground, 
Maryland 21005 

1 - Commanding General 
US Army Combat Development 

Command 
Combat Service Support Group 
Fort Lee, Virginia 23801 

1 - Commanding General 
US Army Combat Development 

Command 
ATTN: CDCMR ;.O 
Fort Belvoir, Virginia 22060 

1 - Commanding General 
US Army Materiel Command 
ATTN : AMCRD-JI 
Department o~ the Army 
Washington, D. c. 20315 

2 - Commanding O~~icer 
Edgewood Arsenal 
ATTN: SMUEA-TSTI-TL 
Aberdeen Proving Ground, 

Maryland 21010 

1 - Commanding O~~icer 
US Army Combat Development 
Comrrand 

Supply Agency 
ATrN: CDC SA -R 
Fort Lee, Vir ginia 23801 

ANIMAL PRODUCTS 

Copies 

1 - Commanding Officer 
US Ar my Medical Nutrition 
Laboratory 

Fitzsimons General Hospital 
Denver, Colorado 80240 

1 - Commander 
Defense Personnel Support 
Center 

ATTN: Dir ectorate of 
Subsistence, DPSC~STS 

2800 South 20th Street 
Philadelphia, Pennsylvania 

19101 

1 - Commandant o~ the Mar ine 
Corps 

Headquarters US Marine Corps 
ATTN : Code A04G 
Washington, D. c. 20380 

1 - Commandant of the Marine Corps 
Headquarter s US Marine Corps 
ATTN: . AX..:4E5 
Washington, D. Co 20380 

1 - Deputy Chief · of Sta~f, R&D 
Headquarters, USAF (AFRDDG) 
Washington, D. c. 20330 

1 - Chief, Biomedical Sciences 
Division 

Office of the Assist ant Director 
(Chemical Technology) 

Room 3D-129, The Pentagon 
Washington, Do Co 20301 

2 - Executive Secretary 
Interdepartmental Committee on 
Radiation Preservation of Food 

Consumer Products Division 623 
Business and Defense Servi ce 
Organiza tion 

US Department of Commer ce 
Washington, D. C. 20230 



C:opies 

2 - Subsistence Management Policy 
Director 

ATTN: OASD ( I&L) 
Pentagon 2B323 
Washington, D. c. 20301 

1 - Director, AF Hospital Food 
Service 

ATTN: Lt. Col . Chaska 
Headquarters, USAF /SGB-1 
6Bl 53 James Forrestal 
Building 

Washington, D. C. 20314 

2 - Director 
Development Center 
Mari.ne Corps Development and 

Education Command 
ATTN: Combat Service Support 

Division 
Quantico, Virginia 22134 

1 - Director 
Div1.sion of Biology and 
Medicine 

US Atomic Ener gy Commission 
Washington, D. C. 20545 

1 - Director 
US Army Advanced Mat eriel 
Concepts Agency 

Washington, D. c. 20315 

1 - Air Force Services Office 
ATTN: Food Branch 
2800 South 20th Street 
Philadelphia, Pennsylvania 

19101 

2 - GET Division Foreign Science 
and Technology Center . 

ATTN : AMXST-GE (Victoria Winters ) 
Building T:..7 
Washington, D. C. 20310 

1 - Chief, Food Service Division 
Walter Reed General Hospital 
Washington, D. C. 20012 

Copies 

3 - O:f:fice o:f the Coordinator of j :~. ·[) 

Research 
University of Rhode Island 
Kingston, Rhode Island 02881 

1 - Stimson Library 
ATTN: Documents Libra.riatl 
US Army Medical Field Se~·lce 
School 

Brooke Army Medics,l Center 
Fort Sam Houston, Texas 78?.34 

2 - Quartermaster School Library 
US Army Quartermaster School 
Fort Lee, Virginia 23801 

1 - Library Southern Utilization 
Resea,rch and Development 
Division 

Agricul tural Re~earch Serv:lce 
US Department of Agricultu~~ 
P. o. Box 19687 
New Orlean~, Louisiana 70119 

2 - Technical Library 
USACDC Institute o:f Land Combat 
301 Taylor Drive 
Alexandria, Virginia 22314 

1 - US Department of Agriculture 
Division o:f Acquisitions 
National Agriculture Lil:rr·a.r~r 
Washing~on, D. c.. 20250 

2 - US Army Research Office 
ATTN : Technical Library-
3045 Columbia Pike 
Arlington, Virginia 22204 

1 - Headquarters, Air Force Systems 
C omma.nd ( DLTB) 

ATTN: Col. Grady Wise 
Andrews Air Force Base 
Maryland 20331 

1 - Headquarters, AMD-RD 
Brooks Air Force Base, Texas 
78234 



Copies 

1 - Headquarters Defense Supply Agency 
ATTN: Mr. Jobe, DSAH-OP 
Cameron Station 
Alexandria, Virginia 22314 

4- Headquarters 12th .Support Brigade 
ACofS Services 
ATTN: Food Advisor 
Fort Bragg, North Carolina 28307 

1 - Colonel ·william· ·s: Aiigerson, .. MC, USA 
Military Assistant for Medical & 

Life ScienCes ·-·- ~ ~ ~· · ·.. · 
OAD/E&LS, The ·P~ntagon (Rm3Bl29) 
DDRE, Was~ingt~~, _ _DC 

1 -The Surgeon -General 
Department o£ Army 
ATTN: DASG-HEP-H . .. 
Washington, DC. 20314 

Copies 

4 - Exchange and Gift Div~sion 
Library of Congress 
Washington, D. Co 20540 

1 - R. J. Reynolds Tobacco Company 
ATTN: J. E. Roberts 
Winston-Salem, North Carolina 

' 27102 

1 -CDR Harold J. Janson, MSC, USN 
Head~ ·Food Senrice Branch 
Bureau of Medicine & Surgery 
Navy Department 
Washington, DC 20390 



FOOD LABORATORY I~'ERNAL DISTRIBUTION LIST 

ANIMAL PRODUCTS 

Copies 

30 - Program Coordination Office, Food La.'boratoey, NIABS 
(20 for transm:i.ttal to Defense Documentation Center) 

2 - Technical L:i.b:rary, NIABS 

7 ~ Divis ion Chi.efs, Food laboratory, NIABS 

2 ~ Marine Liaison Officer, NLABS 

3 - Air Force Liaison Officer, NLABS 

1 - Special Assistant for DOD Food Program, ATTN: Dr. E. E. Anderson, 
NLABS 

1 - US Army Representative f or DOD Food Program, ATTN: Col. M. B. Michl, 
NIABS 

1 - US Air Force Representative for DOD Food Program, ATTN: LTC R. E. 
Pope, NIABS 

1 - US Navy Representat i ve for DOD Food Program; ATTN: LCDR K. West, 
NLABS 

2 - Chief, Quality Assurance and Engi.neering O:ffice, ATTN : Standardi­
zation Management and Quality Assurance Branch (Mr. Richman) ) 
NLABS 

3 - Dir ector, General Equipment and. Pe,ckaging Laboratory, NLABS 
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